To help design bacteria-friendly anodes for unmediated benthic microbial fuel cells (MFCs), we explore the role of anatase TiO 2 (101) surface biocompatibility in selecting functional groups of the levo-isomer serine (L-Ser), which contains carboxyl, hydroxyl, and amino groups in a single molecule. By performing total energy calculations and molecular dynamics simulations based on a density-functional tight-binding method, we find that at room temperature, the surface should be active for biomolecules with carboxyl/carboxylic and hydroxyl groups, but is not sensitive to those with amino groups. The hydrogen bonding between the hydroxyl H and surface O facilitates electron transfer from the pili or bacterial matrix to the anode surface, which improves the output power density. Thus, in combination with conductive polymers, anatase TiO 2 (101) surfaces can be an effective biocompatible substrate in benthic MFCs by enabling the surface O to form more hydrogen bonds with the hydroxyl H of the biomolecule.
Introduction
Since microbial fuel cells (MFCs) have been proved to function well without additional mediators, 1-3 a large body of research [4] [5] [6] [7] [8] [9] [10] addresses the reuse of sewage sludge to produce electricity through this new technology. Reimers et al. report 10 that two benthic MFCs were deployed at a deep-ocean cold seep within Monterey Canyon, California, and were monitored for 125 days. Power records demonstrated a maximal sustained power density of 34 mW/m 2 of the graphite anode surface area. The low power density is the main limitation on the practical application of MFCs. One solution is to fabricate a more effective anode demonstrating high conductivity, high specific surface area, high porosity, noncorrosiveness, and low cost. With these requirements in mind, titanium dioxide (TiO 2 ) has been chosen as a component, codoped with polyaniline in anode materials [11] [12] [13] [14] [15] [16] [17] [18] due to its biocompatible, stable, catalytic, 19 and nontoxic properties. As Qiao et al. 15 report, the nanostructured composite anode of TiO 2 with 30 wt % polyaniline delivers much higher power density (1495 mW/m 2 ) in Escherichia coli (E. coli) MFCs. Nevertheless, they use 5 mM 2-hydroxyl-1,4-naphthoquinone as the mediator to accelerate the electron transfer rate. In observation using SEM pictures, the pili were produced by the E. coli cells and jointly attached to the electrode surface to form a cross-linked network. TiO 2 played an important role in accelerating the electron transfer by promoting cell adhesion to the anode. Combined with the high conductivity of the polyaniline, the nanostructured polyaniline/TiO 2 composite demonstrated improved bio-and electrocatalytic performances in MFCs. However, the interaction mechanism at the molecular level is still far from clear, hindering the exploration of highly effective and "green" MFCs without pollutant mediators. It is thus desirable to know how the pili or bacteria matrix interact with the TiO 2 surface, how the aqueous environment affects the adsorption, and the pathway of the electron transfer. In this paper, we mainly focus on the biocompatible performance of TiO 2 in benthic MFCs to explore the interaction of the biomolecules with TiO 2 based on calculations at the quantum mechanical (QM) level to give theoretical support to the modification of anode materials.
The carboxyl (-COOH), amino (-NH 2 ), and hydroxyl (-OH) groups are common active groups within biomolecules. For instance, the bacterial cell wall 20 
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Physical Chemistry Chemical Physics Accepted Manuscript 3 reaches 17,000 with a radius 5 to 7 nm. In carrying out fundamental theoretical studies, amino acid monomers or analogues have frequently been chosen as representatives of bioorganic systems to study their interactions with inorganic surfaces. [22] [23] [24] [25] [26] In this way, functional group adsorption can be clearly categorized and summarized in terms of favorable configurations, binding energies, and electron transfer characteristics, so as to guide the modification of materials for anchoring the target biomolecules. To date, many researchers have studied the interaction of amino acid or analogues with titania surfaces both experimentally and theoretically.
23, [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Most have concluded that the carboxyl moiety is more favorable than the amino group on TiO 2 . As revealed by X-ray photoelectron spectroscopies, 28 29 and Nilsing et al. 32 both report that on the surface of clean anatase (101) the most stable adsorption structure for the formic acid is a molecular monodentate configuration, with hydrogen bonded to a surface bridging O. The different binding states may come from the distinct surface patterns, but the mechanism of the proton transfer from the molecule to the surface is still uncertain. Szieberth et al. 36 report, based on a DFT study, that the glycine molecule could bind to the anatase (101) surface in its most stable configuration, utilizing both the carboxyl and the amino groups without proton dissociation. This implies that the amino acid could sustain its proton in its neutral molecule and the amino group could bind with the surface through an N-Ti bond. Substantial N-Ti interactions [37] [38] [39] have also been found in other work examining NH 3 gas and the anatase (101) surface through spin-polarized 37, 39 DFT calculations. The results in relation to N-Ti interaction seem questionable as they have not been confirmed experimentally. 28, 31 We ascribe this discrepancy to the difference in research conditions. As a photocatalyst, TiO 2 demonstrates high reactivity to external species by gaining energy from sunlight radiation or heat. 30 In the ground state, stoichiometric TiO 2 surfaces might be very inert to NH x species. As for the -OH, few studies have elaborated the adsorption behaviors of the hydroxyl group on the surface. A very early study by Kim et al. 27 investigates the adsorption of aliphatic alcohols on anatase powders and shows that the molecular alcohols desorbed intact on the slight application of heat (at 350 K). A recent theoretical work 23 confirms that there may be some potential for methanol to hydrogen bond to the titania surface. It is thus necessary to clarify the binding configurations of the carboxyl, amino, 
Computational details
The density-functional tight-binding method complemented by a dispersion term (DFTB-D) in the total energy is a highly efficient semi-empirical method which can handle large models at a reasonable computational cost while retaining a level of accuracy comparable to DFT. It was developed on the basis of a tight-binding model, which assumes that the bulk electrons are tightly localized in atomic orbitals which are then combined linearly to represent the electron orbitals of the solid. [41] [42] [43] [44] [45] Previous studies validate the reliability of DFTB-D for describing the interactions between amino acids and inorganic materials. [46] [47] [48] In particular, it has been proved that DFTB gives qualitative consistency for the adsorption of molecules (phosphonic acid, 49 benzene, 50 acetic acid, 51 ) on TiO 2 in comparison with DFT or experimental results. In this work, we used the DFTB-D method (version 1.2 44 ) to study the L-Ser attachment on titania surfaces with the long-range interaction included as a Lennard-Jones functional described by universal force field parameters. The complexes were optimized using a conjugated gradient algorithm. The charge convergence criterion was set at 10 -5 electrons. All the Slater-Koster parameters involved in the atomic pairs are available at http://www.dftb.org and obtained from the directories tiorg-0-1 and mio-0-1. Spin polarization is not considered here since TiO 2 plays the role of biocompatible substrate in a stable state. To go beyond static calculations so as to draw more convincing conclusions and ensure the stabilities of the structures screened out by optimizations, we also performed DFTB-D-based MD (DFTB-D/MD) simulations for a period of 10ps to track the adsorption stabilities of the three functional groups on the surface. We used the canonical ensemble with Anderson thermostat in an NVT model. Considering that the temperature of actual seawater usually varies from 0 to 30 ᵒ C, depending on vertical depth and season, and that in laboratory testing the benthic MFCs devices are normally kept at room temperature, the thermostat was set to T = 300 K with a time step of 1 fs for the integration of the equations of motion, which were resolved using a 
Structural model
In this work, we modeled a stoichiometric titania surface without hydroxylation. A hydroxylated TiO 2 surface is usually induced by surface defects 52 and has high chemical reactivity, leading to water or amino acid dissociation. 53 We certainly do not In order to take the water environment into account, the remaining space within the box was filled with 163 water molecules, which were randomly distributed and maintained the density of the solution at 1.0g/cm 3 . The random distribution of water molecules was automatically generated using the Gromacs package 56 by checking the overlaps of the Coulomb and VdW radii. The anatase (101) surface in water solution mainly undergoes water adsorption without dissociation, as shown by experimental IR 57 and XPS measurements 58 and a previous DFT calculation. 59 Since only the levo (left-handed) isomer of amino acids is found in living creatures, L-Ser was used. In a water solution, neutral L-Ser will automatically become zwitterionic. For simplicity, we denote the hydroxyl O and H atoms of the carboxyl group as O1 and H(-COOH) or H Results and discussion
Energetics of adsorption
By attempting the -COOH, -OH, or -NH 2 moieties of the neutral L-Ser approaching the clean anatase (101) surface, five adsorption geometries are ultimately confirmed, denoted by S1, S2, S3, S4, and S5 and ordered by increasing total energy (E tot ); in other words, decreasing stability. As illustrated in Figs.1 (a) -(e), in Sn for n = 1 to 4, the neutral L-Ser prefers releasing the proton of the -COOH to the surface and forming an O-Ti bond through the carboxyl O2 with the Ti surf in lengths of 2.012, 1.986, 1.993, and 1.983 Å, respectively. As listed in Table 1 In S1, S2, and S4, the H(-OH) of the L-Ser prefers to hydrogen bond with the O surf with H(-OH)…O surf distances of 2.010, 1.858, and 1.758 Å. In S1 and S3, the O(-OH) approaches the Ti surf at distances of 2.152 and 2.160 Å, which are only about 8% longer than the bulk O-Ti bond length (~2.0 Å). 60 Since the O atom carries a negative and Ti atom a positive charge, at such short distances electrostatic attraction is probably generated. Such interactions cannot be neglected as they may play an important role in determining the favorable orientation of biomolecules on metal oxide surfaces. Interestingly, both Coulomb attraction and hydrogen bonding can coexist when the -OH matches well with the surface, as identified in S1.
In S1 and S3, the H(-NH 2 ) forms hydrogen bonds with the O surf at distances of 2.008 and 1.952/2.158 Å (two for S3). In S5, the H(-NH 2 ) and the H(-COOH) simultaneously form hydrogen bonds with the O surf at distances of 2.042 and 1.700 Å. Notably, no proton transfer occurs in S5, implying the possible molecular adsorption of the L-Ser on the surface.
As listed in Table 2 , the E ads values of S1 to S4 are -46.15, -43.77, -42.18, and -39.15 kcal/mol, respectively. In S1 and S4, the -COO -and the proton interact with the adjacent Ti surf and O surf atoms, namely the top site, while in S2 and S3, they are bonded to the separated atoms, namely the hollow site. Judging from the values of E ads , there seems to be no obvious relationship between the L-Ser favorable adsorption and the surface sites. However, the surface morphology indeed influences the L-Ser attachment by way of the diverse conformations shown in S1 to S5. The L-Ser attempts to interact with the two-fold coordinated O surf and five-fold coordinated Ti surf , by releasing the proton and forming an O-Ti bond, and generating hydrogen bonds and/or Coulomb attractions. In this way, the total energy is significantly lowered and the stability of the complex is much improved.
However, strain energy (E strain ) in the L-Ser is also generated, since the L-Ser must distort itself to bind with the surface. The total energy lowered by the adsorption of the functional groups is partially counteracted by this strain energy. To describe this, we calculated the energy difference between the single point energy of the deprotonated L-Ser in Sn for n= 1 to 4 and a free deprotonated L-Ser, and the energy difference between the single point energy of the L-Ser in S5 and an isolated L-Ser molecule. Although three functional groups of the L-Ser in S1 all interact effectively with the surface, E ads is only slightly lower than that of the other conformers. One reason for this is that the total energy is lifted by the strain energy of 14.35 kcal/mol. In S3, the strain energy reaches as high as 17.30 kcal/mol. By contrast, the strain energy for S5 is only 2.07 kcal/mol. This is because the L-Ser matches the surface well in this configuration. Thus, effective adsorption is not only related to the activity of two parties but also to how well they match. Furthermore, the deprotonation is induced by surface morphology, but not spontaneously given by the -COOH, as shown in the molecular adsorption in S5. That is why the amino acid has ever been found to be adsorbed on the TiO 2 surface in a molecular or deprotonated form. Nonetheless, the L-Ser molecular adsorption is not as favorable as for the deprotonated case due to S5 showing the smallest E ads at -19.71 kcal/mol.
Although The E ads results confirm that there is a definite Coulomb attraction between the O(-OH) and the Ti surf , since S3 with an extra Coulomb interaction is more stable than S4. Moreover, such an interaction could even reduce the strength of the hydrogen bond. When the L-Ser adjusts its -OH orientation on the surface and generates a Coulomb attraction, the ideal interacting direction for forming hydrogen bonds will be Considering all the results from our static calculations in vacuum, we propose that the preferential adsorption order for the three functional groups is -COOH, -OH, and -NH 2 , from strongest to weakest. However, this contention requires further support from MD simulations and these are presented in the next section.
Dynamics of the adsorption systems
We undertook further study of the five systems defined above using DFTB-D/MD simulations in vacuum for 10ps. We aimed to observe the attachment stability of the functional groups on the surface without the impact of water. In benthic MFCs, the anode is embedded in marine sediment which has a lower water content than seawater. It is likely that some biomolecules on local areas of the porous titania surface would be immobilized in an anhydrous or water-scarce environment.
As shown in Table 3 , in the final 3ps, the root mean square deviations (RMSD) of the temperature is 14 to 15 K and the RMSD of the total energy is 17 to 18 kcal/mol. Thus, we can assume that the system has reached equilibrium at this stage.
As illustrated in Figs. 1 (f)-(j) , the MD configurations in vacuum at the final time step are denoted as Sn vac for n= 1 to 4, which are basically similar to the static geometries of S1 to S4. Surprisingly, the molecular adsorption in S5 vac is retained, but the hydrogen bond of H(-NH 2 )…O surf vanishes. This reflects the instability of the thermal adsorption of the -NH 2 on titania, contrasting with the stable adsorptions of the -COOH and -OH groups.
To identify the orientation of the L-Ser on the surface, we examined the time Fig. 2 (a) . As summarized in Table 4 , their average O-Ti bond lengths in the last 3ps are 1.980, 1.963, 1.998, and 1.950 Å with RMSD in the range 0.043 to 0.053 Å. The distances between H + (-COOH) and O surf are all perfectly equilibrated at around 1.0 Å, as shown in Fig. 2 (b) . Both indicate the formation of stable O-Ti and H-O bonds in vacuum. The distances between H + (-COOH) and O1 illustrate that the hydrogen bonds are relatively stable due to the major distribution in the range 1.5 to 2.0 Å. The distances over 2 Å mean that the hydrogen bond is substantially affected as the L-Ser adjusts its favorable orientation on the surface, but ultimately well sustained.
In S5 vac , the distance between H(-COOH) and O surf mostly varies from 1.5 to 2.0 Å while the distance between H(-COOH) and O1 is stabilized at 1.0 Å, proving that the neutral L-Ser molecule can be sustained on the surface without deprotonation, at least in the first 10ps of the MD simulation. The distance between O2 and Ti surf in S5 vac fluctuates between 2.5 and 3.0 Å, demonstrating only a small Coulomb attraction between the -COOH and the surface.
The -OH group in Sn vac for n= 1 to 4 also exhibits permanent adsorption via hydrogen bonds and/or Coulomb interactions, as shown in Figs. 3 (a) and (b) . In S1 vac and S3 vac , the distances between O(-OH) and Ti surf are equilibrated at around 2.2 Å, reflecting the stable Coulomb attractions, while the H(-OH) and O surf distances have larger fluctuations. This suggests that the hydrogen bond disappears as the values exceed 2 Å. The side chain -OH flexibly adjusts its position to preferentially interact with the surface through Coulomb attraction, leading to the vanishing of the hydrogen bonds. Under such conditions, Coulomb attraction is more favorable on the surface than hydrogen bonding. In S2 vac , the distance between H(-OH) and O surf remains almost unchanged throughout the MD simulation. The distance between O(-OH) and Ti surf varies slightly around 2.9 Å in the first 1.5ps, then drops toward a shorter distance at around 2.2 Å from 7 to 10ps, which we ascribe to the substantial Coulomb interaction generated between the O(-OH) and the Ti surf . It indicates that the side chain -OH group could spontaneously match the local surface topology to form a stable attachment. In S4 vac , the -OH continuously and stably forms hydrogen bonds to the surface, while no Coulomb interaction is observed. This is due to the fact that the hydroxyl O atom is not initially pointed towards the surface and so has no chance to approach the Ti surf in the first 10ps. The Coulomb attraction might appear over a longer simulation period. However, confirm that the -OH group of biomolecules is also active in attaching to the anatase (101) surface via hydrogen bonding and/or Coulomb interactions flexibly fitting the surface morphology.
Unfortunately, the -NH 2 group adsorption is insensitive to the surface. As shown in Table 1 and Fig. 4 (a) , originally there are hydrogen bonds between H(-NH 2 ) and and O surf undergoes strong fluctuations in S5 vac . This clearly demonstrates that the -NH 2 leaves the surface.
Our MD results in vacuum imply that the adsorption strength of the three groups is -COOH, -OH, and -NH 2 running from high to low. We find that the neutral -COOH of biomolecules can indeed attach to the surface, but the deprotonated state is energetically preferred, followed by immobilization on the surface via the O-Ti bond.
Solvent effects
Most MFCs function in an aqueous environment. Accordingly, we also performed the DFTB-D/MD simulations in solution for 10ps in order to explore the effect of water on the interaction between the functional groups and the titania. The starting configurations were still based on the static geometries of Sn for n = 1 to 5 but with the proton moved from the carboxyl to the amino side to generate a zwitterionic L-Ser (zL-Ser). The MD configurations in solution at the final time step are denoted as Sn sol with n = 1 to 5. As shown in Table 3 , in the final 3ps, the RMSD of the temperature was 8 to 10 K and the RMSD of the E tot was 28 to 36 kcal/mol for Sn sol for n = 1 to 4 and 105 kcal/mol for S5 sol . Due to a large change in the S5 sol configuration, its total energy fluctuated substantially. We assume that the other systems Sn sol for n = 1 to 4 reached equilibrium at this time.
As illustrated in Figs simulations, in agreement with the experimental fact that the amino acid is well stabilized in a zwitterionic form under aqueous conditions. In our previous study, 64 by SCC-DFTB static calculations and MD simulations for a zwitterionic glycine interacting with 310 water molecules, we also did not find any solvated protons even when nine hydrogen bonds were formed between the zwitterionic glycine and water.
The time evolution of critical distances in S1 sol to S5 sol is set out in Figs. 2-4 . The distances between O2 and Ti surf for Sn sol with n = 1 to 4 are still well equilibrated, with average O-Ti bond lengths of 2.012, 1.995, 2.013, and 2.007 Å in the last 3ps, as seen in Table 4 . Their average O-Ti bond lengths in solution are all longer than in vacuum. Although most of the O-Ti bond length fluctuations are larger than the bond length differences between vacuum and solution, it is still apparent that the water environment can elongate the O-Ti bonds and weaken, to some extent, the immobilization of the -COO -group. As an illustration, the O-Ti bond length difference (0.057 Å) between S4 vac and S4 sol is longer than the RMSD values (0.043
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Å in vacuum and 0.046 Å in solution). In S5 sol , the distance between O2 and Ti surf reduces quickly to about 2.0 Å after 500 fs when the -COO -group comes into direct contact with the surface. This implies a high probability of the carboxylic attachment on the surface in the aqueous environment. The -OH adsorption on the surface is also weakened to some extent by the solution. As shown in Fig. 3 , the Coulomb interactions in S1 sol and S3 sol are very stable (as much as S1 vac and S3 vac ) during the whole MD simulation, but their hydrogen bonds fluctuate so strongly that they basically disappear over the entire 10ps.
For S3 sol in particular, the hydrogen bond is formed only in the first 1ps and then completely vanishes as the distance between H(-OH) and O surf exceeds 4Å in the last 7ps. Unlike S2 vac , a Coulomb interaction in S2 sol is not found systematically between the O(-OH) and Ti surf but the hydrogen bond between H(-OH) and O surf is still very stable. In S4 sol , the only hydrogen bond present is very stable across the whole MD simulation and is essentially similar to that of S4 vac . It is hard for the -OH of the zL-Ser to interact with the surface in solution using both hydrogen bonding and Coulomb interaction. This is because water can flexibly form hydrogen bonds with the zL-Ser so that the matching opportunity for the -OH on the surface is reduced. It means that the -NH 2 attachment on the surface is still unfavorable in the water environment. In addition, the -NH 3 + presents the same deprotonation behavior as the -COOH, due to the induced effect of surface morphology, as the -NH 3 + of S1 sol and S4 sol are relatively far from the surface and do not release protons. Without proton transfer, the total energy of S2 sol and S4 sol is over 46 kcal/mol higher than with deprotonation (S1 sol and S3 sol ), as shown in Table 3 . The S5 sol is not discussed here because this system is far from well equilibrated. Based on the results of these MD simulations in solution, we can infer that the three groups have the same attachment ability on the surface as in vacuum, with -COO -, -OH, and -NH 2 in a decreasing sequence.
Mulliken charges
Charge distribution usually reflects the electron transfers in complexes. The Mulliken partial charges on relevant conformers and atoms were obtained from the DFTB-D/MD results in vacuum and solution and summarized in Table 5 .
The original Mulliken charges of the surface and the L-Ser/zL-Ser are zero before 12 interaction. After adsorption in vacuum, the Mulliken charges on the deprotonated L-Ser in S1 vac to S4 vac at 10ps are -0.336, -0.303, -0.276, and -0.407 electrons, respectively. It can be seen that the interacting surface takes a positive charge with the same absolute value after the proton migration. This is highly unfavorable because the functioning anode surface requires electrons rather than positive charges from the biomolecules. In S5 vac , since a hydrogen bond remains in place between H (-COOH) and O surf and L-Ser without losing a proton, the surface takes little negative charge with -0.036 electrons.
The electron transfer in solution is significantly different. The zL-Ser in S2 sol and S4 sol carries considerable positive charge with values of +0.337 and +0.293, respectively. This means that without deprotonation, the electrons are likely to be transferred from the zL-Ser to the surface. This is relatively favorable as we know that electron migration from bacteria to a surface will accelerate and improve the output power density of MFCs. However, in S1 sol , S3 sol , and S5 sol , the deprotonated L-Ser Table 5 . Therefore, the O-Ti bond formation and Coulomb attraction cannot introduce electron transfer from the biomolecules to the surface, but only in the opposite direction. By contrast, in the hydrogen bonds between H(-OH) and O surf from S1 vac , S2 vac , S3 vac , S5 vac , S2 sol , and S4 sol , the O surf carries more negative charges than it did before adsorption. This means that the hydrogen bonds between the H(-OH) and the O surf are the more favorable pathway for electron transfer from the biomolecules to the anode surface. This can also be shown by the interaction of water with the surface. As the water H could form a hydrogen bond with the O surf , the surface ends up carrying more negative charge, with over -3 electrons in all configurations. The aqueous environment therefore greatly facilitates electron transfer from the water to the surface. This is a very promising tendency which cannot be found in vacuum. Therefore, to increase the output power density of MFCs, we 
Conclusions
To develop efficient and practical anode materials in mediator-less benthic MFCs, it is necessary to develop a TiO 2 with a specific biocompatible function which can be incorporated with conductive polymers as porous nanocomposites. In this work, we have demonstrated the favorable selectivity of the anatase TiO 2 (101) surface in adsorbing the common functional groups of biomolecules (carboxyl, hydroxyl, and amino in decreasing order) using the DFTB-D method. Akin to the experimental situation, our calculations considered the impact of the explicit water environment and room temperature on all possible adsorptions. Specifically, the carboxyl O formed an O-Ti bond with the surface Ti; the hydroxyl H/O formed a hydrogen bond/electrostatic attraction with the surface O/Ti; and as the ammonium group approaches the surface, the proton combines easily with the surface O then the deprotonated amino gradually moves away from the surface. A water environment to some extent elongates the O-Ti bonds and reduces the opportunity of zL-Ser/surface
interactions.
Mulliken charge analysis shows that the hydrogen bond between the hydroxyl H and the surface O is an ideal pathway for electron transfer from the biomolecules to the anode surface, which is a favorable approach to increasing the output power density of MFCs. By contrast, the O-Ti bond and proton migration to the surface drive the electron transfer in the opposite direction. Fortunately, a marine environment is usually weakly alkaline, which can help avoid surface binding with protons. As a guideline and reference for future experimental work, our study suggests that the larger O density of the metal oxide surface will promote electron transfer from the biomolecules to the anode surface by forming more hydrogen bonds between them.
Our study has shown that the anatase (101) surface is a promising candidate to be a component of the anode material in benthic MFCs.
Figure and Table Captions
Figs. 1 (a)-(e) static geometries of S1 to S5 as the L-Ser is adsorbed on the anatase (101) surface; (f)-(j) MD configurations of S1 vac to S5 vac at 10ps in vacuum; (k)-(o) MD configurations of S1 sol to S5 sol at 10ps in 163 H 2 O. Silver, red, white, gray, and blue colors represent Ti, O, H, C, and N atoms, respectively. Table 1 Critical interatomic distances in 15 configurations displayed in Fig. 1 and in a single L-Ser and zL-Ser. Data over 3 Å are not shown. Table 2 Adsorption energy E ads and strain energy E strain of neutral L-Ser attached on the anatase TiO 2 (101) surface, obtained by DFTB-D optimizations (unit: kcal/mol). Table 3 Total energy E tot , temperature T and their root mean squared deviations (RMSD) during DFTB-D/MD simulations in vacuum and solution. Table 4 Comparison of O-Ti bond lengths and their RMSD, and O-Ti bond length differences of adsorption geometries in vacuum and solution. 
